Abstract: Empirical studies face difficulties verifying the Porter and van der Linde (1995) hypothesis about the drivers of environmental innovations (EIs) and, even more so, the drivers in the firms' environmental trajectories. In this context, we propose a dynamic analysis of these drivers. From original data based on interviews about around 400 EIs realised by companies in the Poitou-Charentes region, we first describe the limited role of regulation as a driver of firms' environmental trajectory and reveal the link between the drivers and the precise nature of the EIs. Finally, we shed light on a dominant environmental trajectory for companies that is blocked by cognitive constraints and in which the supply determinants are the main driver along this trajectory.
Introduction
The current context encourages companies to develop environmental strategies in order 'to go green' (Esty and Winston, 2006; Albino et al., 2009 ). Green practices constitute a genuine means of differentiation (Green et al., 1994) , but environmental innovations 1 (EIs) are matched with various drivers and environmental practices differ according to companies. The aim of our paper is to propose a detailed analysis of firms' environmental trajectories in order to identify their drivers and the way they evolve over time. Following Belis-Bergouignan et al. (2004) , a technological trajectory represents the sense of problem solving (progress) in the context of a technological paradigm 2 , in this case considering environmental concerns in a two-dimensional space (environmental performance and productive efficiency). It can be analysed theoretically through the evolutionary framework developed by Nelson and Winter (1982) and detailed thereafter by Kline and Rosenberg (1986) , Dosi (1988) or Teece and Pisano (1998) . But without public policy intervention, the private sector may not have enough incentives to carry out the socially optimal EIs due to a double externality problem 3 . Porter and van der Linde (1995) shed light on regulation as a means to induce EIs in firms. EIs are thought to lead to win-win effects for companies by combining environmental and economic performances. Thus the authors regard regulation as the main incentive for the implementation of EIs and as the main factor of the firm's economic dynamism. Notwithstanding the development of numerous theoretical analyses on this specific subject in recent years (Nijkamp et al., 2001) , empirical works develop only a static view of EIs and environmental strategies of companies. Moreover, these latter works are mainly based on quantitative data that are generally imprecise and rarely focused on trajectories within dynamic analyses. In this context, we attempt to figure out what the dominant environmental trajectory is in companies (if it does exist), the link with the nature of EIs and the role of the different drivers at each stage of this trajectory.
Starting from a technological definition of EIs (Kemp et al., 1992) as "techniques, processes and products to decrease or to eliminate polluting emissions and use of raw materials, natural resources and energy", we analyse the link between the economic strategy of firms and the EIs implemented along the firm's trajectory. Our empirical work is based on an original database that gathers information about 400 EIs, derived from semi-structured interviews with managers in about fifty companies in the Poitou-Charentes region. Our data are precise enough to learn about the drivers of the EIs implemented by companies, their type and their evolution over time. In comparison to the existing data on the subject (the community innovation survey, notably), our database gives a precise, temporal and dynamic view of EIs. In addition, our data are numerous enough to perform a mix-method (quantitative and qualitative analysis). Integrating a dynamic point of view, we study the evolution of EIs and their drivers along the companies' environmental trajectories. We show that the type and nature of EIs adopted appear to evolve along these trajectories -we encounter curative EIs at the beginning, then more preventive ones and finally eco-design, the latter being the signal of the entry into a new paradigm. Not all companies have reached the same step at the present moment, first because they did not start at the same time and second because they face cognitive constraints along the learning process associated with EIs. We also assume that some of them will never move up to the next step because of these cognitive weaknesses. However, the drivers do not depend on the step during the trajectory. The supply side determinants are dominant whatever the step.
The paper is organised as follows. The first section presents the evolutionary framework of analysis and presents the hypotheses we are testing in this paper. The second section describes the methodology we chose and the main results we obtained. The final section concludes.
Environmental trajectories: framework of analysis
Our analysis of EIs is based on the evolutionary approach to innovations enabling us to analyse the process of innovation and its drivers along the firms' environmental trajectory. In this section, we present the three building blocks of our framework: drivers (Section 2.1), the link between EI type and drivers (Section 2.2), and their accumulation along environmental trajectories (Section 2.3).
Drivers of EIs
Traditionally, the empirical literature on the determinants of EIs focuses on the role of regulation. Since the 1990s, several empirical studies have attempted to identify other determinants on the demand or supply side 4 ; these works are very heterogeneous in terms of methodologies and results, since one of the main difficulties is to find adequate data and indicators on EIs. In this section, we present the three main types of drivers: regulation, demand side determinants and supply side determinants.
The role of environmental regulation
The relationship between environmental policies and EIs has been studied for a long time in environmental economics linking regulation, competitiveness and innovation. Some authors have put regulation on the stage again because of its impact on the innovation process, with Porter (1991) considering regulatory pressure as an opportunity for firms. It is theoretically seen as the key determinant of EIs adoption. Rennings (2000) describes this type of innovation (unlike others) as the only one that has its main source of incentive in regulation. This explanation encompasses to two effects: a technology push effect and a demand pull effect. Porter and van der Linde (1995) explain how firms, facing social pressure and regulatory requirements, improve their economic and environmental performance through the adoption of EIs. Innovative activities allow them not only to protect the environment, but also to seize new business opportunities (win-win effects). The dynamics of innovation are ultimately capable of producing an annuity covering the costs of compliance and may even be a source of additional profits thanks to the existence of offsetting effects: the related effects of process innovations (productivity gains) on one hand, and the effects associated with product innovations (quality improvement) on the other. This virtuous circle suggests the easy implementation of EIs over time due to regulatory pressure, or through anticipation via the signalling effect [Groff and Nguyen-Thi, (2012), p.5] . But regulation is not the only factor in the evolution of corporate behaviour to take into account the environment and can even prove ineffective if applied alone or with instruments unsuited to the context and the sector. EIs also depend on other factors (see Figure 1) , such as demand and supply sides determinants (Rennings, 2000) . Oltra and Saint-Jean (2011) show that the adoption of EIs usually comes after demand from consumers. Econometric results published by Horbach (2008) confirm this, showing that in order to get a lock-out effect, consumers willing to change their consumption patterns have to exist. Groff and Nguyen-Thi (2012) also show the strong significance of the 'current or anticipated demand' variable for product innovations for all sectors in Luxembourg. EI is a means for increasing market share (Green et al., 1994) , product quality, image, etc. To reduce competition on the market, increase market share or enter new markets, firms can choose to differentiate by developing a 'green' product for example, trying to meet or to create a new demand. In terms of demand, papers have considered the demand from public authorities, consumers, direct customers or shareholders. We can identify different types of players at the demand side: 1 players such as employees, the group or shareholders who are internal to the firm/company or organisation considered 2 external ones like customers, suppliers and public authorities.
Demand side drivers
A positive effect of pressure from these players is noted (Berry and Rondinelli, 1998; Buchholz, 1991; Lawrence and Morell, 1995) , particularly regarding the external ones.
Supply side determinants
Finally, EIs are not only demand-driven, but also driven by technology (Oltra, 2008) and depend on the technological regime 5 of firms (Oltra and Saint-Jean, 2005) . In a Schumpeterian perspective, the evolution and direction of innovations would be determined by the progress of their scientific basis. Thus, the existence of new technologies induces firms to innovate and develop new EIs. According to the available technological opportunities, firms are more or less encouraged to engage in environmental trajectories that sometimes require greater internal research efforts (Brouillat, 2008) . EIs are seen as a means for reducing costs and improving productivity gains through organisational and process innovations (Green et al., 1994; Belis-Bergouignan et al., 2004) . This is also a driver for EIs received by companies which Cordano (1993) describes as the economic opportunities to be seized and as an important motivation for firms to innovate for environmental concerns. To reduce competition, firms can choose to rationalise their productive activity so as to offer lower prices than their competitors. The adoption of EIs is therefore entirely integrated into the overall strategy of firms (Groff and Nguyen-Thi, 2012) and depends partly on their willingness to catch these opportunities, in relation with the two other drivers cited. • Consumers' willingness to pay
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In most cases, the papers focus only on one driver, and it is impossible to bring the results in line with the firm's overall strategy and context. However, given the importance of the context, few authors compare these different drivers in order to understand their respective roles (Rennings, 2000; Grubb, 2004) . These studies are consistent with an evolutionary representation of the innovation process and thus suggest that different drivers, sometimes jointly in a single environmental strategy, are able to promote EIs. However, there is no emerging consensus because the different papers do not focus on the same drivers and the scope of analysis in these empirical studies is limited. Therefore the relative importance of each of the three drivers must be tested and explained.
Influence of drivers on the EIs type
A relationship between determinants and the type of EI has been demonstrated repeatedly in the literature. It seems that taxes are effective in promoting innovations when they are inexpensive (Kemp and Pontoglio, 2008) and quite curative, while major changes (i.e., radical) require binding regulatory instruments (Frondel et al., 2007) . On the contrary, Dépret and Hamdouch (2009) show that if regulatory measures positively and quantitatively promote investments in environmental R&D, the resulting innovations are mostly incremental, reflecting the type of measures favoured by environmental policies (Jaffe et al., 2002) . These policies thus promote identifiable and short-term actions, with few uncertainties and therefore more curative and incremental EIs (Montalvo, 2008) . They do not encourage firms to invest in radically new and long-term solutions, a fact which is consistent with the work of Heaton (1997) and Kemp (2000) . A second reason is given by Dépret and Hamdouch (2009) : the firms' 'wait and see' behaviours simply favour the adaptation of technology or processes to the regulations rather than the development of more radical innovations. Finally, Frondel et al. (2007) show that overall environmental policies based on market instruments play no significant role in the development of clean technologies. According to them, regulatory constraints instead produce a side effect in achieving these EIs, unlike economic motivations and external pressures. Preventive EIs and eco-design are therefore more market driven than regulation driven. This work emphasises that the types of EIs implemented depend on the motivations of firms to innovate. Specifically, it appears that regulation favours curative innovations ('end of pipe'), while other drivers promote preventive innovations, without clearly identifying the determinants of more radical EIs such as eco-design. Globally we can observe that these studies are mainly based on a differentiation of EIs according to their divergence in terms of technology -'end-of-pipe' versus integrated technology (Frondel et al., 2007) and complexity. So we propose to contribute to this field by attempting to link the type of EIs [curative, preventive, eco-design or even indirect innovations in line with Ferru et al. (2014) who recently proposed a precise and enlarged typology] and the corresponding drivers.
H1 Considering the literature cited above, we assume that there is a link between the type of EIs adopted by firms and the corresponding drivers.
Evolution of the EI-driver couple along the technological trajectory of firms
The evolutionary approach also tries to explain the environmental dynamics of firms in relation to the different types of EIs. In this approach, the firm is mainly studied through skills and routines, which stem from past activities and represent its growth capabilities (Nelson and Winter, 1982) . Routines, which are 'a repetitive pattern of activity' (ibid, p.98), reflect the knowledge, skills and experiences of businesses acquired over many years and used in their daily activity. These routines correspond to operating rules and known solutions and have an influence on the firms' ability, guiding and coordinating individual behaviours. Activities are well rehearsed and endorsed in these routines and are not affected as long as the functioning of the company is not fundamentally called into question. Responding to an objective of satisfaction ('satisficing choice', ibid) -and not maximisation -EIs are introduced as a result of an event challenging the conventional practices of the firm, such as the evolution of regulation, demand, or technology. The adoption of EIs involves cognitive changes in the firm (Dupeuble, 2005; Rivaud and Mathé, 2011) that are all the more important when practices are radically new. When firms want to adopt innovations, they can adapt or modify their practices on the basis of existing technological knowledge (Dosi, 1988) . Learning then is an essential means to further this knowledge. The existence of routines, however, leads the firm to specialise in a limited set of skills ('core competences'; Langlois and Foss, 1996) whose evolution is cumulative. Knowledge bases are path-dependent (Wagner and Llerena, 2011) in the sense of Arthur (1989) , even for EIs. The companies are changing their environmental practices throughout their technological trajectory on the basis of their routines. They incorporate innovations primarily based on a progressive improvement of existing knowledge and technologies, i.e., by adopting or developing incremental and curative EIs. Environmental dynamics can then continue to evolve to a certain level of environmental performance with the integration of preventive EIs. However, changes in the knowledge base needed for the most advanced innovations are then constrained and limited by the technological paradigm of the industry (Oltra and Saint-Jean, 2011) . The resulting 'lock-in' effect (Arthur, 1989) makes the creation or accumulation of new skills difficult. This cognitive and organisational confinement can then limit the adoption of the most advanced innovations as the technological regime shapes the innovative patterns. To move to the final stage of consideration of the environment -represented here by eco-design as described by Ferru et al. (2014) -a significant technological breakthrough is then necessary to change the paradigm. To achieve a radical change such as eco-design, the innovation process is not linear. First, productivity gains associated with the adoption of a new green technology, increasing with experience, are needed, making it a key element in the implementation of radical EIs (Dépret and Hamdouch, 2009 ). Second, the effects of path dependency and learning can hinder the process of change along firms' environmental trajectory. In addition, 'indirect' EIs correspond to continuous improvement actions throughout the trajectory depending on the associated break levels and can contribute to the evolution of the environmental trajectory over time. The progression of firms along their trajectories remains relatively unexplored owing to the lack of information on the subject in the existing databases (Veugelers, 2012) . We hypothesise that firms develop environmental trajectories in which they start with curative and incremental innovations. They can then continue in this direction or develop preventive innovations and finally eco-design strategies (see Figure 2) . The nature of EIs and contextual differences (structural characteristics of firms in particular) should, however, explain why firms are not all equal in terms of advances in this respect and why the trajectory does not follow from beginning to end. H2 There is a succession of different types of EI along the environmental trajectories of firms (from curative to eco-design in the highest form).
H3 Considering H2, there is a succession of drivers along the environmental trajectory of firms, linked with the type of EIs.
Results: application to the firms in Poitou-Charentes
Our results come from a case study based on original data we present in Section 3.1. Then we shed light on the succession of different types of EIs along the trajectory over time (Section 3.2), and finally present the implications for the trajectories' drivers (Section 3.3).
A case study based on original data
A set of qualitative data is collected through interviews to explore firms' environmental trajectories in detail and to test our theoretical propositions. Qualitative data appear to be relevant to a precise understanding of complex processes such as innovation (Ferru, 2009) . We also specify and justify the mixed method used. However, we first clarify the regional context of our case study.
Context of the case study and sample
The companies studied are located in Poitou Belonging to a group 37
Belonging to an env. network 12
Location
Vienne 27
Deux-Sèvres 24
Charente 1
In this paper we concentrate on three sectors: the agro food industry, the mechanical/electronics industry, and the wood, paper and cardboard one. These are the 'key' sectors of the Poitou-Charentes region in terms of their high specialisation values and specificity indices. These sectors produce 46% of the waste in France (Ernst, 2011) 7 . In addition, these three sectors are significantly -but differently -involved in environmental issues. Thus our sample was built based on the location and the economic sector of the companies. We did not introduce criteria related to the environmental characteristics of the companies. We did however notice afterwards that some of the companies studied belong to a local environmental network such the SISTer association 8 , the Pôle des Eco-industries du Poitou-Charentes 9 or the Eco-entrepreneurs du Poitou-Charentes 10 . Table 1 sums up the main characteristics of the companies studied, being mainly SMEs and production plants (in our case study and in the Poitou-Charentes region in general) and thus rarely have their own R&D unit.
Data acquisition
Data production on EI has been developed in recent years, such as the community innovation survey carried out in all European countries during the period 2006-2008. In spite of their contributions (Rennings and Rammer, 2009; Kemp, 2000; Belin et al., 2011; Galliano and Nadel, 2012) , these data do not afford us an in-depth understanding of the dynamics of innovation process in the case of EIs. Therefore, data about firms' environmental trajectories do not exist. We thus had to collect them thanks to surveys conducted with CEOs or environmental managers. The interviews are mainly face-to-face and generally last two hours. More precisely, we used a semi-structured interview method that makes the information collected richer and more precise (Berthier, 2006) . Finally, these interviews allow us to obtain details about all the EIs achieved by the companies studied and to deduce the firms' environmental trajectories from the first EI: the number of EIs and, for each one, the nature of the EI and its main driver. This method requires a major time investment; we nevertheless were able to conduct 52 interviews (one per company) allowing us to perform a mixed analysis of 399 EIs. The qualitative and quantitative analyses are not irreducible but instead complementary (Winter, 1984) . "The use of quantitative and qualitative approaches in combination provides a better understanding of research problems that either approach alone" [Creswell and Clark, (2006) , p.5]. In this perspective, key information relating to the firms' environmental trajectories is extracted and coded to build a database. The task consists of exploring the interviews or observations, raw data by raw data, step by step (Berg, 2003) , then describing, ranking and transforming the qualitative raw data depending on the theoretical framework.
Descriptive results: drivers and types of EI
Our interviews with 52 firms allowed us to identify 399 EIs. The number of EIs per company varied from 1 to 23 depending on the company. However, on average, eight EIs per firm are identified.
The regulation, supply side and demand side determinants constitute the drivers of EIs implementation in accordance with our theoretical proposals. Nevertheless, contrary to the theoretical insights, regulation appears as a secondary driver, quoted by the CEOs in 22% of cases. Our qualitative data give further information about this driver: companies want to avoid penalties and to be ahead of their competitors in order to gain a 'first mover advantage'. The regulation threat and its credibility matter even though the CEOs do not mention it initially. Regulation appears as a framework in which the company evolves and therefore regulation does not encourage them to exceed the existing rules. Thus it does not generate a real environmental dynamic but mostly a short-term strategy. The supply side determinants, notably rationalisation as a driver of overall corporate strategy, are often mentioned in our interviews (almost one out two). The primary goal of EIs implementation is to rationalise production processes and reduce costs, as could be explained by the current economic context: pressures on supply (increase in the cost of raw materials), greater competition. Companies are required to examine the management of all their resources and the way to optimise their use. Conversely, we understand that the main obstacle to EIs implementation is generally related to the funding. The demand side determinants are also quoted as a driver of EIs when anticipating consumer demand for green products but not when real demand is observed. Customer demand constitutes a major constraint for companies, the risk being the loss of customers. However, contrary to regulation, this constraint leads to a global environmental strategy with a long-term view. Differentiation from competitors, based on a 'greener' image of their product, also encourages adoption of EIs in 10% of all cases; in addition group pressure can impact the implementation of EIs in 6% of all cases. We note finally a few cases showing the importance of the CEO's willingness.
To classify the EIs realised by the studied companies, we use the typology realised by Alonso Ugaglia et al. (2016) based on a broader and comprehensive definition of EIs: they distinguish between curative, preventive and eco-design EIs and integrate indirect EIs that are neglected even though crucial. These latter correspond to organisational EIS having an indirect impact on the environment 11 . Hence, among these 399 EIs, 140 are curative, 131 are preventive, 118 are indirect and only 10 concern eco-design. Table 2 gives details about this repartition of EIs by types thanks to sub-categories of EIs. While the latter seem marginal, the other types of EI are almost equally represented in our sample. Indirect EIs constitute a relevant type of EI and contribute to the company's environmental strategy, confirming the necessity to integrate them into the analysis. If we look at them in detail, we can see that they are diversified. Indeed, 43% of these indirect EIs correspond to analysis and observation tools (study on energy consumption, carbon footprint, air pollution analysis, etc.). The other indirect EIs are shared between awareness raising actions focused on employees (22%) and actions related to the formalisation (32%) of the environmental strategies of firms (organisation of meetings about sustainable development, involvement in a certification process, etc.). Looking at the data on curative EIs, we can see that 34% of them concern the simplest level of ('waste') sorting, 39% can be identified as external waste recovery actions and 25% are internal waste recovery actions. More marginally, about 3% of these curative EIs concern delegated waste management. Focusing on the preventive EIs, 54% of them aim at reducing energy consumption while 46% target waste reduction.
Corporate environmental trajectories: EIs breaking points and permanent drivers 3.2.1 A succession of different types of innovations
In many cases, companies implement various EIs simultaneously, with some EIs being inter-related. Validation cannot be achieved without waste sorting, for example. Therefore, in some cases, companies produced more than one EI during a single step of their environmental trajectory. In terms of codification, two different EIs may belong to the same step (certification and waste sorting can be coded as Step 1 for instance). This means that we are analysing the different steps one after the other but also that coding for the type of EIs and their drivers can highlight feedback loops between the steps. Moreover, we have to state that the interviewed companies are not at the same development stages in their environmental trajectory, some of them having implemented their first EI 15 years ago whereas others have done so recently. Figure 3 shows the EIs by steps, Step 1 being the starting point for each company. We represent only the first five steps in the corporate strategies since the number of companies that exceed five steps is low. When coding and examining the various steps that occur during the whole environmental trajectory of each interviewed company, we observe breaking points corresponding to three different stages that we note on the figure with vertical broken lines, confirming our hypothesis H2. We clearly observe three stages, the first being dominated by curative EIs, the second one showing the increase in preventive EIs becoming the main EIs in the companies, and then a third one in which eco-design appears. If we analyse the trajectory in greater detail, the inclusion of the environment in corporate strategies generally begins with the implementation of curative EIs and application of 'good practices' that require very low investments, merely 'farmer's wisdom', as stated by one interviewed CEO: "simple actions such as householders at home to reduce costs and avoid waste". More precisely, these EIs correspond to waste sorting: "we began by waste sorting, this action being the most visible and the simplest to implement". Waste sorting easily integrates the global economic strategy of the company and can be implemented without any real environmental awareness. Priority is generally given to the EIs that require a commitment or, depending on their return, on investment. A fortiori, EIs whose return on investment is considered too low are postponed or even abandoned. In a second stage, companies develop their earlier EIs (the curative ones), generally through advanced waste fragmentation with different treatments and an analysis of the potential recovery procedures for each type of waste. This second stage is characterised by the rise of preventive EIs that benefit from the former experience. In this case, the focus is on environmental performance more than on productive efficiency, as it might be in the first step.
Finally, eco-design appears in the third stage of the companies' environmental trajectory. Companies interviewed have generally carried out some of the possible developments and improvements within the existing technological paradigm and appear to be locked into it, since only a small number of them take their EI as far as eco-design. They highlight the lack of knowledge and information as obstacles to adopting such EIs, and returns on investment are too uncertain in their short-term view. Most of them therefore do not plan to invest in this type of EI, whereas some of them do not exclude this action in the future but postpone it bearing in mind its temporal and financial investment. Not going as far as eco-design does not mean that companies stop within their environmental trajectories. We see perfectly in Figure 3 that stage 3 is also synonymous with an increase in curative EIs. Companies continue with new environmental concerns and continue to improve on curative EIs as a new starting point. To engage in EI such as eco-design and consider such a breaking point, companies need to be sufficiently ahead in their environmental strategy, with a good ability to achieve cognitive changes. That is why these EIs are quite rare, since they are costly and constitute a critical step in terms of cognition and technological change.
We also observe that indirect EIs are implemented throughout the environmental trajectory. When achieving curative and preventive EIs, companies need to exploit their environmental actions and further them via certifications or carbon reports, as explained by one CEO: "we decided on certification to validate our former actions". Companies are increasingly aware that they are able to improve their economic situation and to differentiate from their competitors through the validation and visibility of their environmental actions.
The environmental trajectory empirically observed confirms our theoretical proposition (H2). We shed light on the increasing degree of complexity during the different stages of the environmental trajectory. For the majority of companies, curative EIs, notably implemented during the first stage, correspond generally to incremental innovations and do not fundamentally modify the productive, organisational and commercial practices of the company. Routines could be maintained: the usual actions are perpetuated and new actions are just added with slight adaptations. The transition to preventive EIs or to eco-design requires the integration of new cognitive components. A lock-in effect, reinforced by the new technology, explains their delayed integration. As highlighted earlier, using the evolutionary approach, eco-design constitutes a new technological paradigm. Environmental trajectories of companies are affected by cognitive constraints and evolve along a cumulative trajectory. A process of continuous improvement is observed: a sequential process where the first innovations contribute to the definition of the next. A technological breaking point appears between preventive actions and eco-design, since this latter stage requires an examination of the entire product life cycle and a readjustment of the whole production process. The usual actions are completely challenged and replaced and the routines are swept away (radical innovation).
The domination of supply side determinants irrespective of the EIs
After analysing whether the EI types differ along the companies' trajectory, we focus on the evolution of their drivers. Upstream, cross-referencing the drivers with the type of EI, we observe the relevance of the supply side determinants for curative and preventive EIs (see Table 3 ). We also note a significant link between the demand side determinants and eco-design, highlighting consumer pressure for eco-design products. The indirect EIs seem to be driven by all the determinants: demand, supply and regulation. Regulation does not lead to the implementation of one particular EI type and rather appears as a 'non-driver' of eco-design, and do not depend on the industry considered. It tends to invalidate our hypothesis (H1) as there is no driver specifically dedicated to a type of innovation in our sample. It seems to be a complex combination of them, the supply side determinants dominating. It consequently calls into question the Porter and van der Linde's (1995) hypothesis like other works did before, even if not in our dynamic perspective [validated by Azzone and Bertèle (1994) and Lanoie and Tanguay (1999) and rejected by Boyd and McClelland (1999) and Palmer et al. (1995)] showing it still has to be studied further to identify clearly when regulation is a driver or not [in line with Boiral (2004) ]. According to the above results concerning the evolution of EI types during the environmental trajectory of companies, we would expect to find a specific driver at the different steps of corporate environmental strategy. Figure 4 represents the weight of drivers for each step, including the two breaking points and the three stages revealed earlier. Finally, in spite of the evolution of the EI type, we do not observe any step significantly driven by one specific determinant. Indeed, considering the importance of the supply side determinants for curative, preventive and indirect EIs, we unsurprisingly observe the relative importance of this determinant all along the environmental trajectory.
Only eco-design is mostly driven by the demand side determinants but, owing to the weakness of these EIs in the sample, it does not impact the evolution of the drivers during the environmental strategy of companies. Therefore, it appears difficult to conclude that there is one formal type of driver associated with companies' environmental trajectories, invalidating our (H3). These results have the merit of confirming that the supply side determinants are the most cited by companies we have interviewed and are dominant in the implementation of an environmental strategy in firms. Nonetheless, despite the relevance of such a driver in the environmental trajectory of companies, the demand and regulation determinants also constitute drivers to implementation of EIs, although they are probably less perceived by the companies, especially regulation. This leads us to question the form of existing regulations and their adaptation to the firms they want to encourage to develop an environmental trajectory. Should regulation be a driver with an appropriate design or not? Further works need to be developed to try to understand whether regulation is also locked into a non-green paradigm and has to progress in order to become the expected efficient driver it should be.
Conclusions
The framework we have used here to analyse EIs and firms' environmental trajectories integrates several determinants and assumes the existence of a gradual progress in the implementation of EIs. The qualitative data used in the empirical work contribute to the existing literature by providing important clarifications that are essential to understanding firms' environmental strategies and allowing a dynamic perspective. The empirical work first reveals the secondary role of regulatory incentives and the significance of traditional determinants of corporate strategies based on market forces: supply side determinants. We also show the existence of a cumulative environmental trajectory marked by a technological breakthrough that the majority of companies struggle to overcome, preventing the adoption of more radical innovations to move towards eco-design. Finally, there is no specific driver associated with each stage of the environmental trajectory, and the supply side determinants appear to be decisive all along this trajectory. Our data can be generalised to territories with similar characteristics to our case study (small region specialised in low-tech industries such as food processing, mechanical engineering or wood), and our results can therefore be useful for many other regions. They reveal the insights from research based on a mixed method analysis (combination of quantitative and qualitative data) to highlight cognitive constraints, needs and coordination problems faced by actors in their environmental projects. This paper focuses on the micro-economic behaviour of companies but suggests that new research avenues exist at the macro-economic level: regarding environmental strategies of companies by taking into account the relationships with the local companies, the benefits from the 'milieu' (Maillat, 1985) could enrich the circular economy analysis.
Notes
1 An evolution can be observed in the way EIs are defined in the literature (Ozusaglam, 2013) .
Here EIs are defined widely, considering them as the assimilation or exploitation of a product, production process, service or management or business method that it is novel to the firm and which results, throughout its life cycle, in a reduction of environmental risk or negative environmental externalities, pollution and other negative impacts of resources use (including energy use) compared to relevant alternatives [in line with Alonso Ugaglia (2011), Alonso Ugaglia et al. (2016) , Kemp and Pearson (2008) and Klemmer et al., (1999) ]. It can also refers to the achievement of environmental sustainability objectives (Klemmer et al., 1999) . This double externality problem is one of the main characteristics of an EI (see Parry, 1995) . 4
For a literature review of these empirical studies, see Oltra (2008) . 5
The concept of technological regime, initially developed by Nelson and Winter (1982) , corresponds to a description of the technological environment in which industrial firms operate. It identifies the properties of learning processes, sources of knowledge and the nature of knowledge bases that are associated with the innovation processes of firms active in distinct sets of production activities (Dosi, 1982) . Malerba and Orsenigo (1997) define a technological regime as the combination of four factors: knowledge bases, technological opportunities, conditions of appropriation and cumulativeness of innovation. 6 Environmental excellence cluster 7
The wood sector represents 26% of total manufacturing waste, the cardboard sector 13%, the agro-food industry 5% and the mechanical/electronics industry 2% (Ernst, 2011 
